Introduction -background
Multiple sclerosis (MS) is a chronic inflammatory, demyelinating and neurodegenerative disease with an unpredictable course and substantial heterogeneity. Most patients start with a relapsing-remitting (RR) course, which may be followed by a secondary progressive phase (SPMS). A minority of subjects present with an insidious progression of disability from onset, or primary progressive (PPMS).
MS is the most important non-traumatic cause of neurological disability in young adults. Nevertheless, a mild course is common, especially in the early stages. Recent cohort studies use the McDonald diagnostic criteria and therefore include patients at an earlier stage of disease when compared to older studies using the Poser's criteria [1] . This skews the overall outcome towards better results when considering progression from onset or from diagnosis.
Definitions and estimates of BMS frequency vary considerably.
Whether benign MS (BMS) really exists, has even become a matter of debate [2, 3] . Because MS patients with a benign disease course are not in need of aggressive treatments, adequate recognition is clinically meaningful. The aim of this review is to summarize data on BMS and evaluate its definitions, prevalence and predictors in clinical practice. phenotype, (2) included at least 40 MS patients in total or 15 patients per group for cross-sectional studies, (3) contained enough relevant data to ascertain the level of possible bias and (4) reported at least 5 years of longitudinal follow-up for 80% of the studied population for cohort studies.
The qualification of evidence scheme for prognostic accuracy developed by the American Academy of Neurology [5] was used to assess the methodological quality of studies. We considered relevant clinical questions and analysed the strength of evidence for a number of statements, using previously published criteria [6] . Well-conducted systematic reviews were considered to have a high level of evidence. To avoid duplication and reduce bias, we included these results and not those of the original studies [7] . When a predictor was studied at several occasions in the same population, we used the most recent publication for this predictor. The risk of bias was judged for each statement. Two reviewers independently assessed the identified articles. Consensus was achieved in case of disagreement.
Results

Study selection
The PubMed/Medline search yielded 59 eligible articles. 42 were excluded because they did not correspond to the inclusion criteria. In the Web of Science database, we extracted another 4 articles of 40 entries. No new entries were found in the Cochrane Library. Based on the reference lists, 23 more papers were included, resulting in 44 articles.
After correcting for double or outdated data, 29 articles were used: 10 papers on 8 population-based studies [1, [8] [9] [10] [11] [12] [13] [14] [15] [16] [4, 34] . Details are shown in Table 1 .
Definitions
Since its first mention in medical literature, no strong consensus has been reached in criteria that define BMS [12] . Most definitions are based on the Expanded Disease Status Scale (EDSS), which is non-linear and heavily weighted towards physical disability [11] . Having EDSS or less at a disease duration of 10, 15 or more years is used to classify those MS patients who seem to have a less severe disease course. No definition addressed the issue of previous or current treatment, nor excluded patients under immunomodulating treatment. The oldest definitions of BMS by McAlpine and Bauer included the ability to remain active or employed after 10 or 20 years of disease as the only criterion [35, 36] .
Prevalence
A systematic review on population, community and hospital-based BMS cohorts, estimated a prevalence ranging from 6% to 64% of the total MS population [34, 37] , illustrating the large variability in BMS definitions and methodology in these studies. Part of this variation could also be explained by geographical differences. Table 2 summarizes prevalence data in population-based longitudinal cohorts. Between 30 and 80% of studied RRMS patients were reported to have EDSS < 3 or 4 after a disease duration of 10 years or more, as opposed to 9 to 20% in PPMS and 10 to 36.2% in mixed MS populations. Non-population-based prevalence ranges from 0 to 70% and is less contributory because of selection bias in clinic-based populations (online only) [14, 15, 17, 18, 20, [22] [23] [24] [25] [26] . Between 34 and 74% of RRMS patients have EDSS ≤ 3 or 4 after a disease duration of 10 years, as opposed to 0-14% of PPMS patients.
Clinical characteristics
Based on cross-sectional and clinic-based studies, patients with EDSS-based definitions of BMS may have mental symptoms and cognitive impairment [21, 29, 30, 38] . While common MS symptoms such as fatigue, anxiety and depression often impact daily functions but do not change EDSS [12] . Cognitive difficulties can be considered in specific functional systems of the EDSS (cerebral or mental), grading possibilities are limited and subjective.
Among BMS patients, better scores for patient reported outcomes on quality of life (QoL), fatigue and depression have been reported in patients with lower disability (EDSS ≤ 1.5) when compared with higher disability (EDSS ≤3) [30, 38] . Even though BMS patients have slightly better scores for quality of life and patient reported outcomes than non-BMS patients, they still score worse than healthy controls [28, 30] . Up to one half of BMS patients (EDSS ≤ 3.0 after ≥ 10 years) may suffer from fatigue, depression or cognitive impairment when asked [29] .
Demographic and clinical predictors of BMS
Six publications focused on predictors of BMS: 2 population-based studies [11, 12] , 3 clinical cohorts [16, 19, 20] and 1 systematic review [34] (Table 3) .
Clinical phenotype at onset
A progressive disease course from onset is a strong predictor of future disability (Table 3 ; not corrected for EDSS at onset). BMS usually presents as a relapsing-remitting phenotype [11] , but has occasionally been described in PPMS [9, 20] . Because PPMS is often diagnosed after significant irreversible disability has developed, selection bias cannot fully be excluded. Within 20 years of disease duration, no BMS cases (EDSS ≤ 3 after 10 year) with a PP course were found [8, 20] .
Relapse phenotype and frequency
There is inconclusive evidence on the predictive effect of the relapse phenotype (i.e. sensory, motor, cerebellar, etc.) at onset on having BMS (EDSS ≤3 after 10 years) ( Table 3 ). The Groningen study group found that having mono-regional versus poly-regional onset symptoms is not independently predictive for BMS in RRMS patients [20] . Having only 1 relapse in the first 5 years after MS diagnosis increases the probability of having BMS [34] .
Age at onset and gender
We did not find conclusive evidence for an effect of age at onset on the probability of having BMS (Table 3) [16, 20, 34] , or staying benign after a disease duration of 20 years [12] . Similarly, gender does not appear to be an independent predictor of BMS in multivariate analyses (Table 3) , correlating with age at onset, phenotype at onset and relapse phenotype [12, 16, 20, 34] .
Early disability scores and prognosis
The Olmsted County population-based cohort study with a follow-up of 20 years showed that having an EDSS of ≤ 2 after 10 years was predictive for the disease course in the following 10 years (7% chance of developing significant disability) [11] . In the British Colombia cohort, about half of BMS patients (EDSS ≤3 at 10 years) did not surpass the limit of EDSS 3 after another decade, and two thirds of BMS patients with EDSS ≤2 at 10 years were still considered benign after 20 years of disease duration [12] . In Iceland, the proportion of BMS patients declined from 91% at 10 years to 69% at 20 years from disease onset in the RRMS onset group [8] . Whether the EDSS score increased due to relapses or progression was not specified. Longitudinal data is shown in Table 4 . 
Prognostic MRI measures in BMS
While there is a substantial amount of descriptive MRI data, evidence on the prognostic value for BMS is scarce. Most originate from cross-sectional studies.
In a retrospective, multicentre BMS and RRMS cohort, a high T2 brain lesion volume was associated with worsened locomotor disability at short-term (median follow-up of 29 months) [31] . The number of T1 brain lesions in BMS patients (EDSS ≤3 after ≥15 years) was found to predict having EDSS ≤3.5 after another 5 years (hazards ratio 1.3) [21] .
Two clinic-based MRI studies compared cortical lesions in a shared cohort of 48 BMS (EDSS ≤ 3 after ≥15 years, 50% treated) to 96 early RRMS patients (EDSS ≤3 at ≥ 5 years, 95% treated) [27, 32] . A low number of intra-cortical lesions, cortical lesion volume at baseline, cortical lesion volume change over 6 years and higher cortical thickness of selected gyri appeared to be independent predictors of BMS (crossvalidated) [27] .
While we found many studies on MRI spectroscopy, magnetization transfer ratio histogram analysis and atrophy rate in MS and their correlation with disease activity, disability and cognition, none of these studies were aimed at predicting BMS.
Discussion
BMS is a challenging concept. Based on our systematic review of 29 articles, using stringent criteria, a substantial proportion of untreated patients with RRMS appear to have a mild disease course over the first 10 to 20 years of the disease. Most study groups use EDSS 3 or lower at a disease duration of 10, 15 or more years to classify those MS patients who seem to have BMS. While not protecting against disease progression at a later stage, current EDSS-based BMS definitions have some predictive value for future disability.
However, the EDSS scale is skewed towards ambulation and underestimates the impact of less visible symptoms such as fatigue and cognitive impairment. Assessment of these symptoms is not routinely integrated in clinical practice, even though they have been associated with immune-related processes [39] and brain atrophy [38] , respectively. The fact that disease activity in MS may be hidden, adds to the controversy surrounding BMS. The same holds true for current definitions of the "no evidence of disease activity" status, as more than half of the treated RRMS patients who receive this status showed cognitive worsening [40] .
While not all population-based studies included BMS as a separate entity and some BMS patients may not seek medical attention, the Disease phenotype at onset A relapsing phenotype at onset increases the probability of having BMS by roughly threefold [20] .
Confirmed: 2 high quality [20, 12] , 1 low quality [16] Strong evidence that a relapsing phenotype at onset increases the probability of having BMS Age at onset in RRMS Younger onset age increases the probability of having BMS, when compared to an older age at onset.
Confirmed: 1 systematic review [34] , 1 low quality [16] Not confirmed in multivariate analysis of 1 high quality [20] Inconclusive evidence
Gender in RRMS Female gender increases the probability of having BMS, when compared to male gender.
Not confirmed: 1 systematic review [34] , 2 high quality [20, 12] , 1 low quality [16] Strong evidence that gender has no predictive effect for BMS in RRMS patients
Relapse phenotype at onset in RRMS Onset with afferent symptoms increases the probability of having BMS, while onset with efferent symptoms decreases this probability in RRMS.
Both confirmed: 1 systematic review [34] Motor symptoms confirmed: 1 high quality [11] Both not confirmed: 2 high quality [20, 12] , 1 low quality [16] Afferent not confirmed: 1 low quality [19] Inconclusive evidence
Early relapse rate Having only 1 relapse in the first 5 years increases the probability of having BMS.
Confirmed: 1 systematic review [34] , 1 high quality [20] Strong evidence EDSS at 5-10 years from onset in RRMS EDSS ≤ 2 at 5 years or EDSS ≤ 3 at 10 years increases the probability of still having EDSS ≤ 3-4 after another 10 years.
Confirmed: 3 high quality [11, 20, 12] Strong evidence
Bold and underlined words signifies aesthetics. BMS: benign multiple sclerosis. RRMS: relapsing-remitting multiple sclerosis. PPMS: primary progressive multiple sclerosis. EDSS: expanded disease status scale.
Table 4
Proportion of BMS patients that stay benign at different follow-up intervals. estimated prevalence ranges from 30 to 80% when considering RRMS patients who have EDSS < 3 or 4 at 10 years or more after onset. About half on them maintains this status up to 20 years, suggesting up to one third of MS patients maintains EDSS < 4 over several decades [8] [9] [10] [11] 15, 16] . Recent prevalence data on BMS are lacking. However, based on the progressively lengthening time from diagnosis to EDSS 6 [33] , the recognition of milder cases using the new McDonald criteria and changing temporal trends, there is no evidence to suggest that the incidence of BMS may be decreasing. The treatment era has changed our view on MS. The variable length of the interval to (E)DSS 3 in RRMS, as shown in Leray's Figure 1 [41] , is often presented as the therapeutic window to delay the onset of secondary progression and to motivate early and aggressive treatment. After having reached the first disability milestone, the second phase of DSS progression appears to run in parallel over the whole population, and demographics and initial disease characteristics no longer seem to affect disability progression [41] . A longlasting first phase (up to several decades) may correspond to BMS. Similar to RRMS being followed by SPMS, this does not entirely protect against future disability progression.
Ideally, predictors should enable us to distinguish those patients who may be in need of early and aggressive treatment from those who are not. This is not the case for BMS. Nevertheless, having a relapsingremitting onset, only one relapse in the first five years and an EDSS of 2 or less at 5 years or EDSS of 3 or less at 10 years of disease duration are strong predictors for having BMS and remaining BMS for another 10 years. The age at onset appears not to be an independent predictor, which could be explained by recall bias, the difficulties in assessing the true onset of disease, methodological issues and the relatively low number of included studies. Similarly, there is no evidence for gender to independently predict BMS [12, 16, 20, 34] in multivariate analysis [16, 20] . In view of the strong effect of age at onset and gender on the clinical phenotype and probability of disease progression [42] , we assume that both age at onset and gender are interacting with the clinical disease phenotype [1] . While a younger age at onset is often reported as indicative of a better prognosis, these patients reach ambulatory landmarks at a younger age when compared to patients older at onset [43] .
We found only limited data on early MRI predictors, probably because of our stringent inclusion criteria. Most MRI studies on BMS were either cross-sectional, had a short duration or small sample sizes. Prognostic properties of advanced and quantified MRI measures are promising, but currently insufficient on an individual level.
Our review has the strength of focusing on BMS, using predefined criteria for inclusion and quality assessments [4] [5] [6] . However, a direct comparison between published studies and cohorts was not possible. We were not able to control for systematic methodological differences between studies. Also, the low number of natural history studies and population-based cohorts with a defined BMS subpopulation may have limited the validity of our findings. Furthermore, most studies contain a certain degree of treated MS patients, making it difficult to attribute conclusions to a benign disease course or treatment response. Solely selecting untreated MS patients could result in small population sizes and possibly a selection bias, as not all BMS patients seek medical attention. Finally, the potential contribution of lifestyle and environmental factors has not been taken into account in these studies. There is increasing evidence that these factors contribute to the risk and course of MS [44] .
As neurological disability appears to evolve more slowly than estimated from older natural history cohorts [33, 45, 46] , further prospective, long-term studies are needed to find valid predictors of the long-term disease course in MS. In addition to demographics, clinical and MRI characteristics, we propose to include neuropsychological assessments and to investigate the contributory role of lifestyle and environmental factors. Considering the age at early disability milestones may provide more useful information than the time from disease onset to these milestones. The recently developed age-related MS Severity Score may be a good start to measure the relative severity of disability [39] . The ideal study population may consist of patients with a clinically isolated syndrome (CIS), which are not necessarily treated from the start. Finding predictors of BMS in those patients who eventually develop multiple sclerosis may be the mission [47] . Searching for predictors that delay the onset of secondary progression in treated and untreated RRMS patients may be an even greater challenge.
Conclusion
Benign multiple sclerosis appears to correspond to mild RRMS in the first decades and is part of the whole spectrum of MS. In view of the potential burden of less visible symptoms, the limited predictability and uncertain contribution of age-related and lifestyle factors, further prospective studies are needed to increase our understanding of this entity. This area of research is challenging as recent temporal trends suggest a more slowly evolving neurological disability over time. We propose to extend BMS prediction studies to CIS patients in order to find earlier and more accurate predictors.
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